ABSTRACT
INTRODUCTION

44
Many migratory species move between two or more seasonal habitats, often traveling great 
61
The cownose ray Rhinoptera bonasus is a large-bodied, batoid ray that occurs in temperate and 62 tropical coastal waters of the Atlantic Ocean and Gulf of Mexico (Schwartz 1990) , with the US 6-7 years with a maximum observed age of 18 years at a DW of 98 cm (Fisher et al. 2013 ).
67
Cownose rays arrive in mixed schools in May (Smith & Merriner 1987) , give birth to a single 
79
Understanding movement patterns is important to understanding the spatial and temporal 80 dynamics of interactions between cownose rays and other components of coastal ecosystems.
81
The limited studies conducted to date suggest that cownose ray foraging activity can structure 
MATERIALS AND METHODS
113
Tagging, tag retention, and survival
114
Mature cownose rays were tagged at three locations in Chesapeake Bay during May through
115
October 2014, 2015, and 2016 (Fig. 1) . Commercial fishers captured rays using haul seines or 116 pound nets, in which they are a common component of the bycatch. The venomous barbs were 117 carefully clipped off upon obtaining rays from fishers to limit potential harm to each other and to 
127
Prior to tagging, healthy rays were transferred to small (1.5-m diameter) wading pools and 128 anaesthetized using MS222 following Omori & Fisher (2017 were used to determine whether these covariates differed significantly between each state.
233
To define time periods associated with particular movement behaviors, the robability of each 234 behavioral state, or the differing state if only one showed significant differences from the others, the original assigned tagging region was calculated.
256
Philopatry was assessed for individual tagged cownose rays that were detected in May through position was compared using one-way ANOVA to determine whether differences in mean 262 latitude and longitude during May-July were statistically significant between years. were males. The majority of the rays (24 individuals) were tagged in the summer and early fall of 273 2014, while 10 were tagged in 2015 and two were tagged during the summer of 2016 (Table 1) .
274
The fate of tagged rays cannot be known for certain, but survival can be inferred from tag 275 detection data and the expected battery life of each tag. Of the 36 cownose rays detected more 276 than one day, 13 (36.1% of the tagged rays) were only detected during the first year of tracking.
277
The remainder were detected over multiple years, with 12 (33.3%) detected over two years and 
294
The three-state model excluding turning angle but including velocity and elapsed days showed 295 the greatest log-likelihood ( were significantly different based on velocity, but differences in distance and elapsed days 301 between States 1 and 2 were not statistically significant (Table 3) . Based on these measurements, (Table 4 , Figure S1 ).
332
Of the 24 rays with more than one daily position during the May-July period, 18 were classified waters were classified as VA Chesapeake rays and three rays assigned to the VA Chesapeake 337 region were classified as MD Chesapeake rays (Table 6 ). Of the rays that were classified to a 338 region different than their original tagging region, two were tagged in August 2014 and three
339
were tagged in October 2015 (Table 5) .
340
Philopatry was evaluated for the five tagged cownose rays that were detected in both 2015 and 341 2016 during the May-July pupping and mating season ( Table 6 ). Four of these rays were tagged 342 in Virginia Chesapeake Bay waters and one was from the Savannah tagging region (Table 1) .
343
Mean latitude and longitude did not differ significantly between years for three of the VA
344
Chesapeake rays, but significant differences were found for the remaining VA Chesapeake ray 345 and the Savannah ray ( Canaveral to St. Lucie Inlet, an area that probably represents essential habitat for the population.
402
The northern extent of the winter habitat is likely determined by water temperature, whereas the eastern and southern extents could be defined by the shelf break, prey availability, or some receiver arrays for which we confirmed that our rays were not detected. 
